ABSTRACT. Sheep of the Pantaneiro breed and seven other breeds, raised in the State of Mato Grosso do Sul, Brazil, were genotyped using eight microsatellite loci. The aim of the present study was to determine the genetic variability, phylogenetic relationship, and patterns of gene introgression and miscegenation among the animals surveyed, to obtain information about the genetic structure of locally adapted sheep in Mato Grosso do Sul. A total of 195 animals were used for genetic analysis. The Pantaneiro breed had the largest average number of alleles/locus (9.25), and higher allelic richness (6.95), while the Dorper population had the lowest values for these parameters (4.88 and 3.86, respectively). Analysis of genetic distance values and genetic structure between populations made it possible to characterize these animals with regard to distinct genetic groups. Average expected heterozygosity ranged from 0.72 (Pantaneiro) to 0.55 (Dorper), while average observed heterozygosity ranged from 0.63 (White Dorper) to 0.54 (Dorper). On the basis of the statistical parameters evaluated, it 5459 ©FUNPEC-RP www.funpecrp.com.br Genetics and Molecular Research 12 (4): 5458-5466 (2013) Genetic diversity in Pantaneiro sheep was possible to demonstrate that when compared to other populations, the Pantaneiro breed represented a reservoir of genetic diversity with rare and useful alleles for genetic improvement, emphasizing the importance of preserving the breed.
INTRODUCTION
The sheep industry in the State of Mato Grosso do Sul is expanding, and the locally adapted breed (Gomes et al., 2007) known as Pantaneiro sheep (OPT), may be useful for increasing the production chain, since it is highly adapted to the environmental conditions of the region and can be used for rustic genetic material.
In 2007, an exploratory study conducted by researchers from the Universidade ANHANGUERA -UNIDERP, Universidade Federal da Grande Dourados (UFGD), Empresa Brasileira de Pesquisa Agropecuária (EMBRAPA), and Universidade Federal do Mato Grosso do Sul (UFMS) was initiated, aimed at identifying and conserving the OPT breed found in different locations in the state. Initially the researchers involved acquired about 450 animals, including ewes and rams, from different herds found in the Pantanal region of Mato Grosso do Sul, in regions including Anastácio, Nioaque, Aquidauna, and Pedro Gomes.
The OPT breed has a combination of alleles of wool sheep breeds from the southern region of Brazil and woolless breeds from the northeast region of the country. This fact shows the possibility that these animals may constitute a distinct genetic group (Gomes et al., 2007) . The females of these animals have high maternal ability and no reproductive seasonality. Lambs have high productive potential in terms of carcass traits and meat quality. Furthermore, the OPTs provide wool, used in regional craftwork, as a by-product. Currently, OPT is most often found on isolated farms in the region, and lives for years without any kind of artificial selection or genetic improvement, suggesting that these sheep are locally adapted to the region (Vargas Junior et al., 2011) .
In general, multilocus molecular genetic markers such as microsatellites are suitable for studies of both genetic variability and paternity tests. In addition, microsatellites provide genome-wide coverage, and are easy to detect. Microsatellites are codominant, highly polymorphic, and have an expected heterozygosity that is commonly greater than 0.7, allowing discrimination between individuals (Regitano and Coutinho, 2001 ).
Molecular analyses may support both identification of areas of priority for genetic resource conservation programs, and knowledge about the genetic diversity of endangered domestic and wild species (Rosa and Paiva, 2009) . Therefore, the establishment of conservation programs using molecular tools is of fundamental importance for the generation of information regarding the genetic diversity patterns of locally adapted groups, allowing them to be used in the productive system, and adding traits of adaptation and rusticity (Barker, 1994) .
Research that evaluates genetic variability is of great importance to the generation of information that allows OPT to be characterized. Therefore, the aim of this study was to determine genetic diversity, patterns of gene introgression and occurrence of miscegenation among OPT and other breeds of sheep raised in the State of Mato Grosso do Sul.
MATERIAL AND METHODS

Animals
Blood samples from 195 animals from seven populations of sheep, raised in the State of Mato Grosso do Sul, Brazil, were collected randomly from different herds. The collection sites and number of animals sampled are described in Table 1 
Microsatellite loci
Total genomic DNA was extracted from blood tissue using the organic method described by Sambrook et al. (1989) and adapted by Crispim et al. (2012) .
PCR were performed using a commercially available panel of eight microsatellite loci as previously described by Souza et al. (2012) (CSRD247, HSC, OarAE129, MAF214, OarFCB304, OarCP49, SPS113, and D5S2). The reactions were performed using a multiplex fluorescent system, with the eight markers included in the same reaction. The PCR were performed in a final volume of 10 μL, containing: 3.6 µL ultrapure water, 1.5 µL 10X PCR buffer, 1.5 µL mix of primers, 50 mM MgCl 2 , 10 mM dNTPs, 0.4 µL Platinum ® Taq DNA Polymerase (Invitrogen) and 3.0 µL DNA (50-100 ng). The reactions were then placed in a thermocycler (Applied Biosystems).
The thermocycling program consisted of an initial denaturation step at 95°C for 7 min, followed by 40 cycles at 95°C for 30 s, annealing at 63°C for 90 s and extension at 72°C for 60 s. A final extension step at 72°C for 30 min was performed at the end of the 40 cycles.
After PCR, the amplified products were electrophoresed in a MegaBACE TM 1000 DNA Analysis System (GE Healthcare, USA). Accordingly, a solution with TWEEN and molecular weight marker ET-400 (GE Healthcare) was prepared. A total of 0.3 µL ROX marker, 7.7 µL 0.02X TWEEN and 2 μL amplified product were added. The samples were denatured for 3 min at 94°C and placed directly on ice. Sample injection was performed at 3 kV for 80 s and the electrophoretic run performed at 8 kV for 80 min. Genotyping results for allele discrimination were visualized in the Fragment Profiler program version 1.2 ® (GE Healthcare).
Statistical analysis
Allele frequency was estimated by direct counting. The parameters of locus diversity were estimated for all microsatellites, in all populations, using the CERVUS 3.0 program (Kalinowski et al., 2007) . The parameters were as follows: expected (H E ) and observed heterozygosities (H O ), polymorphic information content, and the Hardy-Weinberg Equilibrium (HWE). The FSTAT program was used to calculate allelic richness (AR) and estimates of Wright's F statistics (F IT , F IS and F ST ). The P value was adjusted using the Bonferroni procedure (Goudet, 2002) with the same statistical package. Population structures were evaluated by analysis of molecular variance (AMOVA) using the ARLEQUIN program (Schneider et al., 2000) .
The dendrogram was constructed by cluster analysis using the Neighbor-Net method with the aid of the Sliptree program, based on calculations of Reynold's genetic distances (F ST ) using FSTAT.
On the basis of allelic frequency of the eight microsatellite loci, the animals were grouped in a given number of populations and probabilistically placed into groups inferred by Bayesian analysis using the Structure program (Pritchard et al., 2000) . The tests were performed using an admixture model where the allelic frequencies were correlated. To select the appropriate number of inferred populations, several analyses were conducted with K (number of populations inferred) ranging from 2 to 10, with 300,000 interactions (burn-in period of 3000), with three independent replications for each analysis. The real values of K were inferred from the magnitude of ΔK and given as a function of K, with the aid of the Structure Harvester program (Earl and vonHoldt, 2012) following the model proposed by Evanno et al. (2005) .
RESULTS
The genetic parameters observed from the genotyping of the 195 animals of the seven populations analyzed with eight microsatellite loci are described in Table 2 . OPT breed showed the highest number of alleles per locus (9.25), and the highest allelic richness (6.95) compared to the other populations of animals in the present study. The Dorper population showed the lowest values (4.88 and 3.86, respectively).
When all the populations were analyzed together, the microsatellite loci HSC, CSRD247 and OarAE129 were found to be in HWE. However, when statistical analysis was performed for each population, White Dorper animals had no markers in HWE. The Pantaneiro breed and Bergamácia and Hampshire Down populations had the highest number of markers in HWE. In relation to other populations, Ile de France showed two loci and the Dorper population only one locus in HWE ( N = number of individuals; N A = mean number of alleles; AR = allelic richness; HWE = number of loci that showed deviations from Hardy-Weinberg equilibrium.*P < 0.05. The population structure analysis revealed a genetic difference between populations of 13.72% (Table 3) , and estimates of differentiation based on F ST were significant (P < 0.001). d.f. = degrees of freedom; FI = fixation index. *P < 0.001. Table 3 . Analysis of molecular variance interpopulation and intrapopulation of the seven sheep populations studied.
The matrix of genetic differentiation between populations, based on F ST indices, is shown in Table 4 . It can be observed that the highest rates of genetic differentiation were between the Bergamácia and Hampshire Down populations (0.250). On the other hand, the lowest values were between the Suffolk and Hampshire Down populations (0.069). Using population differentiation, it was shown that the OPT breed was genetically closest to animals in the Suffolk population (0.078). Neighbor-Net method data analysis indicated that the OPT breed occupied an intermediate position in relation to other populations. Suffolk and Hampshire Down populations grouped differently, showing their genetic proximity when compared with other populations. The Dorper population had the greatest distance in relation to other populations (Figure 1) . Associations greater than 0.5 are in bold. It can be seen from Table 5 that clusters 1, 2 and 5 represented the populations of Bergamácia, Ile de France and Dorper, with 89, 89.7 and 92.1%, respectively, correct allocation of individuals in their populations. Cluster 3 represents the populations of Hampshire Down and Suffolk, with a correct allocation rate of 79.2 and 75.6%, respectively. The White Dorper population showed the lowest allocation value (51% in cluster 1) with statistical significance (P > 0.05). The highest significant attribution proportion was 64.6% in cluster 4 for the Pantaneiro group.
The genetic structure of populations was analyzed using Bayesian statistics with the aid of the Structure program. The grouping of K = 5 (Figure 2 ) corresponds to the real K, according to the methodology proposed by Evanno et al. (2005) , where there were complex patterns of miscegenation for all populations analyzed. The diagram showed similarity between populations of Hampshire Down and Suffolk, and between the breeds Bergamácia and White Dorper. In spite of having a lower proportion than the other groups, the Bergamácia and White Dorper breeds seemed to share the same gene pool. There appeared to be miscegenation in the Pantaneiro breed. 
DISCUSSION
The Pantaneiro breed showed greater allelic richness when compared with the other study populations (Table 2 ). The introduction of sheep in South America occurred simultaneously with colonization, and the effective population size is in the process of formation. The high levels of diversity found in the different populations studied may be related to the fact that selective pressure, coupled with miscegenation, led to the introgression of genes in the populations. However, animals in the Dorper population, which were subjected to a consolidated process of genetic improvement, showed lower allelic richness and observed heterozygosity.
The results of the present study are consistent with those observed by Gornas et al. (2011) and Álvarez et al. (2012) , who also found low variability and H O in specialized sheep breeds. Therefore, the Pantaneiro breed may constitute an important reservoir of genetic diversity, and may be useful in breeding programs and genetic management of herds.
The eight microsatellite loci were considered multi-allelic for the Pantaneiro breed (Table 2) . Considering the animals genotyped, the population parameters related to average number of alleles (9.25), H O (0.63), H E (0.72) and AR (6.95) were considerably higher when compared with results from the other populations in study. The population parameters observed in the present study were also higher than those observed in other sheep breeds, both locally adapted, and exotic, from Spain (Calvo et al., 2011) , India (Arora et al., 2011) , Italy (Lasagna et al., 2011) , and Cuba (Álvarez et al., 2012) . Tolone et al. (2012) found very similar results when analyzing five Sicilian sheep breeds with 20 microsatellites (average of 10.95 alleles per locus for the native sheep Pinzirita). Baumung et al. (2006) reported an average of 15 alleles, when 25 microsatellite markers were genotyped in 11 Austrian breeds. Although estimates of the average number of alleles may vary according to each marker under study, it can be inferred that the genotyping method used in the present study revealed that the Pantaneiro population had relatively high levels of genetic diversity. There may be rare alleles in the current population, which can be useful in future breeding programs, if related to resistance characteristics and environmental adaptability.
The higher number of marker loci in HWE found for the Pantaneiro, Bergamácia and Hampshire Down populations may be explained by the fact that these animals are not derived from controlled crosses (breeding programs). However, the White Dorper was the only population that showed no marker in HWE. This result may be due to the small sample population (15 individuals), and due to the population being consolidated with planned genetic crosses established from breeding programs. Several studies using locally adapted or native breeds confirmed that these breeds have more number of loci in HWE when compared to more specialized breeds (McManus et al., 2010; Paiva et al., 2011a; Tolone et al., 2012) .
It can be seen from the dendrogram (Figure 1 ) that populations with possible common ancestry were more closely related, as well as Suffolk, Hampshire Down and Ile de France. This fact can be explained by the sharing of common alleles of the same ancestor of European origin (Southdown) (ARCO, 2013), providing genetic similarity and closeness, as indicated in the graph by the Neighbor-Net method. The Pantaneiro breed was positioned medially in the graph, demonstrating that it is a locally adapted breed, which may show miscegenation with the other populations analyzed, but is genetically distinct.
AMOVA results showed that the variation between populations was high (Yeh, 2000 ) and significant, with fixation index (F ST = 0.13). On the basis of this criterion, it is possible to infer that each of the populations under study may be considered an independent genetic group. Therefore, the OPT breed may be considered different from the other populations studied, even if there is a degree of miscegenation with other breeds raised in the region ( Figure  2 and Table 2 ).
The number of populations, as well as the population structure generated by the Structure program (Figure 2) , also confirmed that the Pantaneiro breed is genetically distinct. Although there is a sharing of alleles with other populations inferred, and the number of markers used was insufficient to distinguish all breeds studied, the present study is the first to characterize the Pantaneiro breed. From the perspective of accreditation of this population as a distinct breed, the present results were very satisfactory, being consistent with the history of the populations analyzed.
The results observed in the matrix of genetic differentiation, and the analysis performed by the Structure program, indicated that Hampshire Down and Suffolk populations have a high degree of similarity (0.06). This can be explained by the formation process of the populations, determined by common ancestry, due to their similar function in the sheep industry and supposed racial admixture (Blackburn et al., 2011) . In a meta-analysis performed by Paiva et al. (2011b) , association among these populations was also confirmed, grouping them into the same cluster.
According to Table 5 , it is possible to observe that in genetically homogeneous breeds or populations, tests for individual allocation are more effective. Possibly, better results would be obtained by increasing the number of markers, enabling the use of these tests for the composition or genetic management of populations of Pantaneiro sheep.
Selected genes over generations among groups of naturalized animals provide greater adaptive value to tropical conditions in comparison to artificially improved breeds. These genes will be useful if the climate change predicted for the coming years is considered. This research demonstrates the importance of exploiting the potential of the genetic diversity found in locally adapted herds. Although exotic breeds are considered to be of high performance, they also have reduced productivity because of their inability to properly adapt to the climatic conditions and breeding and management systems used in Brazil. The introgression of genes between these populations may generate sheep whose overall average productivity and rusticity may be greater than those of their parents.
The seven sheep populations studied may be considered genetically distinct. The breed showed higher genetic variability when compared to the other groups studied. This fact indicates the importance of conserving the Pantaneiro breed, which may possess rare alleles that are economically important to the genetic improvement of sheep.
